In rubber tree, Hevea brasiliensis, latex production is affected by tapping panel dryness characterized by non exudation of latex from the panel after tapping. The present study shows the sensitivity level of the more planted clones and the influence of climatic factors on the development of tapping panel dryness in Côte d'Ivoire. The lengths of sick panels were measured and the meteorological summaries carrying on the rainfall and the temperature have been made. Analysis of variance and comparison of the lengths of sick panel in relation to rainfall and temperature have been made. The results showed that Hevea brasiliensis clones have not the same sensitivity to tapping panel dryness. IRC A41, PB 217, AF 261 and RRIM 712 clones are little sensitive; IRCA 130, AVROS 2037, IRCA 209 and GT 1, are fairly sensitive whereas RRIC 100, IRCA 230, PB 254, PB 260 and PB 235 appear enough susceptible to tapping panel dryness. They also showed that the expression of tapping panel dryness varies seasonal way and is positively correlated to the water deficit and to the temperature. The less hot period from July to December corresponds to favorable period of rubber tree to better produce latex in stimulation conditions.
INTRODUCTION
Rubber tree, Hevea brasiliensis, is cultivated for natural rubber producing which it is the main source (Sekhar, 1989) . Natural rubber is very important in various industries of which the pneumatic industry which only uses more than 70% of the production (Cirad, 2001) . The rest of the production is consumed by the industry of construction, by the biomedical industry (Jacob et al., 1995) and also for the manufacture of mattress, of shoes, of glues, of adhesives, etc. Natural rubber production is produced by tapping and by hormonal stimulation (Compagnon, 1986) . The tapping consists in making a panel on rubber tree trunk. The latex is collected and treated to get natural rubber. The hormonal stimulation consists in treating rubber tree by ethylene generating chemical substances to increase the productivity of tree. It provokes the activation of latex cells metabolism (Coupe and Chrestin, 1989) , responsible of latex production. In some rubber trees, partial or total absence of latex out-flows after the taping is observed. This phenomenon, which leads to blackout of latex production in the tree, is called taping panel dryness (TPD) (de Fay, 1981) . It provokes losses in latex production from 15 to 20% (Rubber Board, 2002) , what constitutes a loss of profit of about 360 billion USD/ year. Therefore, tapping panel dryness constitutes a major preoccupation for rubber culture in Côte d'Ivoire. Several studies done to explain this phenomenon showed that tapping panel dryness is not due to a pathogenic agent (Peries and Brojier, 1965; Lim, 1973) . Different investigating led to know the reason of tapping panel dryness succeeded to the fact that it is about a physiological dysfunction on tree level (Ird, 2005) whose reasons remain however unknown. The development of tapping panel dryness could be influenced by climatic factors as rainfall and temperature. The expression of tapping panel dryness during the year being badly known, the present study has been led to determine the clones sensitivity level and to value the influence of climatic factors on the development of tapping panel dryness in rubber tree in Côte d'Ivoire.
MATERIAL AND METHODS Plant material:
The plant material of this study is constituted of 13 rubber tree Hevea brasiliensis clones: AF 261, PB 235, AVROS 2037, GT 1, PB 217, PB 260, RRIC 100, IRCA 230, IRCA 130, PB 254, IRCA 209, RRIM 712, and IRCA 41 . These clones represent the majority of clones currently planted in Côte d'Ivoire. They come from the experimental plantations of CNRA-Bimbresso research station, situated in Anguédédou, in the southeast of Côte d'Ivoire. METHODS Experimental device: Each of the 13 clones has been planted in the 510 trees/ha (7 x m 2.80 m) density and made the object of an experimentation with three repetitions. The used experimental device is the device mono tree "One Tree plot Design", a tree being a repetition. Trees of every clone have been distributed in eight treatments. Every treatment included 33 trees and corresponds to a yearly Ethrel stimulation frequency applied to the trees, either eight stimulation frequencies. These treatments are: 0; 2; 4; 6; 8; 10; 13 and 26 Ethrel stimulations per year. The trees were all down tapped in half-spiral every four workdays.
Tapping panel dryness notation:
A completed notation of tapping panel dryness (TPD) has been done per month in every test during the first five years of latex production. Trees that exude latex on the whole length of panel after tapping have been considered as '' healthy '' trees and noted zero (0). The others have been considered as trees affected by tapping panel dryness and have been noted from 1 to 6 according to the latex non-producing panel length. Thus, the following classes of percentages of latex non-producing panel length have been constituted: -1 to 20%, noted 1, trees affected by TPD of very weak level; -21 to 40%, noted 2, trees affected by TPD of weak level; -41 to 60%, noted 3, trees affected by TPD of middle level; -61 to 80%, noted 4, trees affected by TPD of enough high level; -81 to 99%, noted 5, trees affected by TPD of high level; -100%, noted 6, the trees affected by total TPD or dry trees.
Meteorological notation:
During the first five years of latex production, a meteorological summary carrying on the rainfall and the temperature has been done per day on the Anguédédou Weather forecast station situated in the experimental plantations that contain the plots of the studied clones.
Data analysis :The raw data of TPD notation permitted to determine the rate of dry cut length (LDC) according to the following equation (Anonymous 1, 1993) : LDC = (0,1 n 1 + 0,3 n 2 + 0,5 n 3 + 0,7 n 4 + 0,9 n 5 + n 6 ) / N. In this equation, N represents the number of tapped trees per treatments, the coefficients 0,1; 0,3; 0,5; 0,7; 0,9 and 1 correspond to averages of percentage classes of latex non-producing panel length and the numbers n 1 ; n 2 ; n 3 ; n 4 ; n 5 et n 6 represent the numbers of trees observed by class of percentage of latex nonproducing panel length. The raw data of meteorological summaries permitted to determine the monthly rainfall and temperature averages. The LDC have been transformed in Bow Sinus square root of LDC (BSIN LDC) to return the normal distribution and to consolidate the variances in order to make possible the analyze (Dagnelie, 1994) . Analysis of variance of the rate of dry cut length (LDC) has been achieved to study the influence of the genetic factor on the clone's sensitivity to tapping panel dryness. The comparison of LDC averages by Duncan statistical test with the alpha risk of 5% has been used (SAS software version 8.2) to structuring the clones. The rainfall monthly data have been transformed in square root of rainfall (SRRAIN) to return the normal distribution and to consolidate the variances in order to make possible the analyze (Dagnelie, 1994) . Analysis of variance of monthly rainfall and temperature averages has been achieved to study the influence of the month on the quantity of rains and the elevation of temperature. The comparison of the monthly rainfall and temperature averages by the Student-Newman-Keuls statistical test with the alpha risk of 5% has been used (XLSTAT software version 7.1) to identify the rainfall and temperature steady periods on the period of study. Interrelationship test of Pearson to alpha doorstep of 5% between the climatic parameters has been done to establish the relation between rainfall and temperature. The relation between the climatic parameters and the clone's sensitivity to tapping panel dryness has been established by studying the variation of tapping panel dryness rate in relation with the fluctuations of climatic parameters. The rate of dry cut length of the 13 clones without distinction of TPD sensitivity group and by TPD sensitivity group, measured by steady periods of rainfall and temperature during five years of latex production, have been used. Compared analysis between the lengths of sick panel led per month and year seasons have been made to study the yearly evolution of tapping panel dryness. The interaction between the climatic parameters has been studied to establish the relation between the variation of the clone's sensitivity to tapping panel dryness and the simultaneous variation of rainfall and temperature. Has been gotten used with the rate of dry cut length of the 13 clones without distinction of TPD sensitivity group, measured by steady periods of rainfall and temperature during five years of latex production.
RESULTS

Determination of clones' tapping panel dryness sensitivity level:
The sensitivity to tapping panel dryness (TPD) study of 13 Hevea brasiliensis clones in production during five years all Ethrel stimulation frequencies confounded showed a very highly significant "clone" effect (Table 1) . Clones formed five groups of TPD sensitivity. The C1 group to very weak rate of TPD is constituted exclusively by IRCA 41clone. The clones AF 261, PB 217 and RRIM 712 of the C2 group present weak rates of TPD. The TPD rate is intermediate among the clones AVROS 2037, IRCA 130, GT 1, and IRCA 209 of the C3 group and enough elevated among the clones RRC 100, IRCA 230 and PB 254 of the C4 group. The C5 group is composed of the clones PB 260 and PB 235 that have the most elevated rates of TPD (Table 2) .
Climatic parameters characterization on the study period: Analysis of variance of monthly rainfall averages showed a very highly significant "month" effect (Table 3) . Months have been structured in five P1, P2, P3, P4 and P5 distinct groups according to the quantity of rains. The P1 group was constituted of January and February months that recorded very weak rainfall. Rainfall recorded for the months of P2 group (August, December, September and March) were weak and intermediate in the months of P3 group (July, November, April and October). The P4 group was constituted by May month, of elevated rainfall and the P5 group is formed by June month that records the very elevated rainfall (Table 4) . A very highly significant "month" effect had also been shown by analysis of variance of the monthly average temperatures (Table 5 ). The comparison of averages permitted to classify the months in five distinct groups T1, T2, T3, T4 and T5 according to temperature elevation. The T1 group was constituted solely by August month during which temperatures are very weak. The T2 group was composed of July and September months characterized by weak temperatures. Temperatures were intermediate during the months of T3 group (June, October, December and November) and elevated during the months of T4 group (January and May). The most elevated temperatures were recorded during February, March and April months that composed the T5 group (Table 6 ). These different groups are homogeneous. The distribution of months of rainfall (figure 1) and temperature (figure 2) different steady periods on the yearly calendar showed a correspondence between these months and the four classic rainfall seasons in Côte d'Ivoire.
Interrelationship between rainfall and temperature: The Pearson interrelationship test with an alpha threshold of 0.05 between rainfall and temperature data gave an interrelationship coefficient of 0.172.
Influence of climatic factors on the development of tapping panel dryness:
Clones behavior analysis without distinction of tapping panel dryness (TPD) sensitivity class showed that reduction of TPD rate is inversely proportional to the rainfall (figure 3). TPD expression was more pronounced during the weak rainfall period (dry season) and less important during the elevated rainfall periods (rains season). The analysis of clones' behavior by sensitivity group also showed that the rate of dry cut length (LDC) decreases with the increase of rainfall in every group (figure 4). The elevated rainfall periods presented the relatively weak rate of dry cut length. Concerning the temperature, analysis of clones' lengths of dry tapping cut without distinction of TPD sensitivity group showed that the clones' rate of dry cut length varies with fluctuations of temperature. The elevated temperature periods recorded the elevated TPD rates (figure 5). Per sensitivity group, data analysis also showed that the clones' length of sick panel increases with the temperature (figure 6).
Interaction between rainfall and temperature: The study of relation between the rainfall and temperature didn't showed any interaction between these two climatic factors (P = 0.102).
Evolution of tapping panel dryness rate during the year: The evolution of the clones' TPD rate during the year showed that this rate increases from August to September, decrease slightly from October to November, remain raised from December to March and is weak from May to June. The results of the climatic parameters characterization on the study period showed that May and June months constitute the big rains season; July, August and September represent the small dry season; October and November correspond to the small rains season and December, January, February and March constitute the big dry season. 
DISCUSSION
The classification of 13 rubber tree clones according to the tapping panel dryness (TPD) sensitivity showed that these clones form five groups according to TPD rate. These results indicate Hevea brasiliensis clones have not the same sensitivity to TPD. They show that IRCA 41 clone is very little sensitive to TPD and the most sensitive clones are PB 260 and PB 235. The difference of clones' TPD sensitivity was indicated by De Fay (1981) , Chrestin (1985) , Omokhafe (2001) and Omokhafe (2004) on limited number of clones who are GT 1, PR 107, PB 235 and RRIM 600. The relatively raised number of clones used in the present study (13 clones) demonstrates the importance of the genetic factor on the clones' sensitivity to TPD. CIRAD (1993) described the clones PB 235, CT 1 and PB 217 as being very sensitive, fairly sensitive and little sensitive to TPD, respectively. The results of our study showed the clone PB 235 belongs in the C5 group, the clone GT 1, to the C3 group and the clone PB 217, in the C2 group. These results confirm the classification of PB 235, GT 1 and PB 217 witness clones (de Fay, 1981) . So, "clone" effect analysis permitted to demonstrate the importance of genetic factor in the development of TPD in rubber tree and to determine the clones' level sensitivity to TPD.
The characterization of climatic parameters on the survey period showed that the months form five groups according to the rain quantity and five groups according to the temperature elevation. These results indicate the quantity of rains and the elevation of temperature of months are not the same during the year. The homogeneity of the different identified groups indicates the study period is characterized by rainfall and temperature steady periods. The distribution of months of rainfall and temperature different steady periods on the yearly calendar showed a correspondence between these months and the four classic rainfall seasons in Côte d'Ivoire. It permits to define the small dry season (from July to September), the big dry season (from December to March), the small rains season (from October to November) and the big rains season (from May to June). The big dry season presented the most elevated temperatures and the hottest month was February. The weakest temperatures have been recorded during the small dry season and the month of August was the coolest. These two dry seasons and two rains seasons are characteristic of the humid subtropical climate with four seasons distinctly differentiated by their rainfall régime, as Eldin (1971) and Van de Sype (1985) underlined it.
The Pearson interrelationship test with alpha doorstep of 5% between rainfall and temperature data gave an interrelationship coefficient of 0,172. This result indicates there is not interrelationship between the two climatic parameters. It permits to analyze separately the influence of rainfall and temperature fluctuations on the development of tapping panel dryness.
The evolution of the length of sick panel according to the fluctuations of climatic parameters showed that TPD rate decreases with the increase of rainfall and increase with the temperature among the clones with or without distinction of TPD sensitivity group. These results indicate that the sensitivity of Hevea clones to TPD is under the influence of climatic factors. This influence results in a weak expression of TPD during the strong rainfall periods and by a more pronounced expression during the elevated temperatures periods, during the year.
The study of relation between the rainfall and temperature didn't showed any interaction between these two climatic factors (P = 0,102). This result indicates that the variation of the clones' sensitivity to TPD is independent of the simultaneous variation of rainfall and temperature. The clones' TPD rate independently decreases with rainfall and increase with temperature.
The evolution of the clones' TPD rate during the year showed that this rate increases from August to September, decrease slightly from October to November, remain raised from December to March and is weak from May to June. The results of the climatic parameters characterization on the study period showed that May and June months constitute the big rains season; July, August and September represent the small dry season; October and November correspond to the small rains season and December, January, February and March constitute the big dry season. These two results are in agreement and indicate that the clones' sensitivity to TPD is under the influence of climatic factors. There is a seasonal variation of the TPD expression that is very weak during the big rains season and very elevated during the big dry season. Previous studies on parameters that positively influence TPD expression drove Commère et al. (1989) to conclude that the gravity of TPD is positively correlated to the rains period, May -June, in Côte d'Ivoire. This result is contrary to what is revealed by the present study that showed a "drought" effect on the clones' sensitivity to TPD. In the rubber tree harvest technology, trees stimulations begin in March with a starting stimulation and call stimulation in April. The other stimulations are spread in the period from July to December (Anonyme 2, 2003) that is the favorable period of the tree to better produce latex. The results of this study showed that TPD rate increases in this period confirming as well as the gravity of TPD increases with the stimulation frequencies (Okoma, 2008) . The period from January to February corresponds to the big dry season during which, there are defoliation and réfoliation of trees. The present study having shown that this period is very sensitive to TPD, we can deduct that TPD increases with the defoliation-réfoliation period of trees. Some similar results have been found by Vollema (1949) which showed that the frequency and the gravity of TPD are positively correlated to defoliation-refoliation period. It explains itself by the fact that during the big dry season, the energy of which rubber tree has need is more oriented toward the primary metabolism (vegetative biomass production) that toward the secondary metabolism (rubber production) (Obouayeba et al., 2000) . During this period, stress is rather produced by the soil water that by the stimulations. It explains that the stimulation during dry season led more TPD. These results confirm that period from July to December recommended for stimulations is the favorable period to rubber tree to better produce latex in condition of stimulations. They permit to avoid the stimulations during dry periods. Beyond six stimulations per year, simulations should be leave in the period from July to December and not round all year as currently make by the producers.
CONCLUSION
It is evident from the present study that Hevea brasiliensis clones have not the same level sensitivity to tapping panel dryness. Some clones are little sensitive among which meet IRCA 41, AF 261, PB 217, and RRIM 712 clones. Other clones as PB 235 and PB 260 are especially sensitive. Between these two extreme sensitivity groups, there are clones that have intermediate sensitivities. It is the case of AVROS 2037, IRCA 130, IRCA 209 and GT1 clones that have middle sensitivities and RRIC100, IRCA 230 and PB 254 clones of enough elevated sensitivities. This survey also showed that the climatic factors have an influence on the development of tapping panel dryness. The expression of tapping panel dryness varies seasonal way and is positively correlated to dry season. The clones' sensitivity to tapping panel dryness independently decreases with rainfall and increase with temperature. The big dry season from January to February, which corresponds to defoliation-refoliation period of the trees, is very favorable to tapping panel dryness expression. To the inverse, the big rains season from May to June, is very little favorable to tapping panel dryness expression. The long period from July to December that is less hot corresponds to favorable period to rubber tree to better produce latex in condition of stimulations.
